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[57] ABSTRACT

A process for producing a rigid polyurethane foam
according to one-shot method which comprises react-
ing a polyol component with a polyfunctional isocya-
nate component in the presence of a polymerization
catalyst, a foam stabilizer and a foaming agent, charac-
terized in that said polyol component consists of 35 to
65 parts by weight of a sucrose polyether and 65 to 35
parts by weight of a polyoxyalkylene glycol of trihy-
droxyalkylamine and has an OH number of 420 to 330.
According to this process, a rigid polyurethane foam
having a very low density, low friability and excellent
dimensional stability at low temperatures can be ob-
tained.

8 Claims, No Drawings
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PROCESS FOR PRODUCING RIGID
. POLYURETHANE FOAM

The present invention relates to a'process for produc-
ing a rigid polyurethane foam which is usable-as a heat
insulating material. More particularly, the invention
pertams to a process for producing a rigid polyurethane
foam using a novel polyol component.
~ Rigid polyurethane foams are now used w:tdely as a
heat insulating material for keeping warmth or cold,
and, for example, as a heat insulating material for a
refrigerator. In the refrigerator, the thickness of its heat
‘Insulating layer is preferably reduced to increase its
inside volume. Therefore, higher heat insulating prop-
erty is required for rigid polyurethane foams used as a
heating insulating material, and a low density of 0.025
g/cm?’ or less is also required. When the density of rigid
polyurethane foams is reduced to 0.025 g/cm? or-less,
however, their friability and dimensional stability at low
temperatures are remarkably deteriorated. Therefore,
rigid polyurethane foams having such a low density are
hardly put to practical use. - :

An object of the present invention is to prowde a
rigid polyurethane foam which has a high expansion
ratio, that is, has a very low density, low friability and
excellent dimensional stability at low temperatures.

According to the present invention, there is provided

a process for producing a rigid polyurethane foam ac-
cording to one-shot method which comprises reacting a
polyol component with a polyfunctional isocyanate
component, characterized in that said polyol compo-
nent consists of 35 to .65 parts by weight of a sucrose
polyether and 65 to 35 parts by weight of a polyoxyal-
kylene glycol of trihydroxyalkylamine and has an OH
number of 420 to 530.
" By the process of the present mventlon whereln the
above-mentioned novel polyol component is used to-
gether with the polyoxyalkylene glycol of trihydrox-
yalkylamine, the desired object can be attained. Thus, a
rigid polyurethane foam having a density of 0.025
g/cm? or less can be obtained without impairing its
friability characteristics and dimensional stability at low
temperatures. Therefore, the object of the present in-
vention can not be attained by the use of a sucrose
polyether alone or a combination of the sucrose poly-
ether with another known polyol such as a diol, triol or
tetraol as said polyol component.

The aforesaid polyoxyalkylene glycol of tnhydrox—
yalkylamine is represented by the formula

RO<R . O-r—H
Vs 7

H-€O. R-)ﬂ—bR-*N
N\

RO<€R.09—H

wherein R 1s an alkylene group such as methylene,
ethylene, propylene or butylene, and g, b and ¢ each are
anumberof l1to3anda + b + cis-3 to 5. Here, OH
number is 420 if @ 4+ b + c is 3 while OH number is 530
ifa+ b+ cisS.

The reason why the blending ratio of the SUCrose
polyether to the polyalkylene glycol of trihydroxyalk-
ylamine must be 35 -65 parts by weight of the former to
65 -35 parts by weight of the latter is that friability can
not be reduced satisfactorily if the blending ratio is
smaller than the above-mentioned range and that an
improvement in dimensional stability at low tempera-
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tures can not be expected if the blending ratio is larger
than the abovementioned range. Also, the reason why

- the OH number must be 420 to 530 is that dimensional

stability becomes unsatifactory if the OH number is less
than 420 and that friability increases if the blending ratio
1s more than 530.

- The sucrose polyethers which may be used are well
known and can be obtained by, for example, the addi-

tion reaction of a polyoxyalkylene oxide to sugar. On

the one hand, said polyoxyalkylene glycols of trihy-
droxyalkylamines can be produced by the addition reac-
tion of a known polyoxyalkylene oxide such as polyoxy-
methylene oxide, polyoxyethylene oxide, polyoxypro-
pylene oxide or polyoxybutylene oxide to a trihydrox-
yalkylamine such as trimethanolamine, triethanolamine
or tripropanolamine, and are generally known as a sur-
factant. Any of these polyoxyalkylene glycols of trihy-
droxyalkylamines may be used in the present invention.
At least one each of the sucrose polyethers and the
polyoxyalkylene glycols of trihydroxyalkylamines is
used.

As the polyfunctional isocyanate component, any of
known polyfunctional isocyanates such as diphenylme-
thane-4,4'-diisocyanate, xylylene diisocyanates,
polymethylenepolyphenylisocyanates, 3,3’-dimethyldi-
phenylmethane-4,4'-diisocyanate, 2,4-tolylenediisocya-
nate dimer, m-phenylenediisocyanate or tolylene diiso-
cyanates may be used. At least one of these isocyanates
1S used.

In the present invention, a blending ratio of a polyol
component to a polyfunctional isocyanate component is
not critical, but may be selected according to the blend-
ing ratio used in prior art processes for the production
of rigid polyurethane foams. In general, however, a
molar ratio of NCO/OH is about 1.05.

Also, any conventional catalyst, foam stabilizer and
foaming agent can be used in the present invention. The
catalyst is exemplified by tertiary amines such as dime-
thylaminoethanol or triethylenediamine and organotin
compounds such as dibutyl tin diacetate or dibutyl tin
dilaurate. As a foam stabilizer, for example, organosili-
con block copolymers represented by the formula

|
_Sl SI Sl O_Rl
m

wherein Z is (CHair (OC:Hy)gOR:. or (CHor
{OC:Hir(OCsHe)77OR2, R, is methyl or ethyl, m/n is
0O2tolandm + nis 17t028,/is 1 to 4, g is 15 to 60,
x/yis1to9and x 4+ yis 15 to 60, and R, is an alkyl
having 1 to 4 carbon atoms, and having a mean molecu-
lar weight of 10,000 to 20,000 are useful.

As the foaming agent, volatile compounds such as
lower fluorochlorinated hydrocarbons, for example,
CCLF (Freon R-11), CCl,F, (Freon R-12) and CCLF -
CCIF; (Freon R-113), formaldehyde generating agents
such as bis(hydroxymethyl)thiourea, nitrogen gas gen-
erating agents such as diazoaminobenzene, and CO,
generating agents such as water may be used.

In the present invention, the amount of the catalyst
used can be selected according to that in prior art pro-
cesses. In general, the amount of the catalyst used may
be selected so that cream time may be 5 to 20 seconds,
and preferably 8 to 15 seconds, and tack-free time may
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be 20 to 200 seconds, and preferably 30 to 80 seconds.
The amount of the foaming agent used should be se-
lected suitably according to the specific gravity of the
desired foam. The amount of the foam stabilizer used
may also be freely selected according to prior art pro-
cesses.

The present inventors have found that a foaming
pressure 1s increased and a foam having excellent di-
mensional stability at low temperatures can be obtained
when a small amount of water is used as a foaming agent
together with said volatile compound. In the case of
flexible polyurethane foams, there are examples
wherein water was used as a foaming agent. In the case
of rigid polyurethane foams, however, there are very
few examples wherein water was used as a foaming
agent since a remarkable increase in friability is brought
about. Therefore, it is quite surprising that deterioration
in physical properties is small even if water is used as a
foaming agent in the present invention. This fact is
considered to be caused by the synergistic effect of the
use of water together with said novel polyol compo-
nent. When water is used together with said volatile
compound, the amount of water used should be 0.2 to 3
parts by weight, and preferably 0.5 to 2 parts by weight
per 100 parts by weight of said polyol component. If the
amount of water is more than 3 parts by weight, not
only the amount of the polyfunctional isocyanate com-
ponent consumed disadvantageously increases but also
the friability of the resulting foam is remarkably in-
creased and its heating insulating property is also deteri-
orated. When water is used together with said volatile
compound and the wall temperature (interface tempera-
ture) on foaming is less than 45° C, and preferably less
than 30° C, it is preferable that a combination of such a
polyfunctional isocyanate compound as the distance
between two —NCO groups is comparatively long and
the cross-linking density of the resulting foam is low, for
example, diphenylmethane-4,4'-diisocyanate, and such a
polyfunctional isocyanate compound as the distance
between two —NCO groups is short and the cross-link-
ing density of the foam can be increased, for example, a
tolylene diisocyanate is used as said polyfunctional iso-
cyanate component. In this case, a blending ratio of the
former to the latter should be 30 to 70% by weight to 70
to 30% by weight, and preferably 40 to 60% by weight
to 60 to 40% by weight. If the amount of the latter is
less than 30% by weight, dimensional stability at low
temperatures becomes poor. Also, if the amount of the
latter 1s more than 70% by weight, friability tends to
increase. The former polyfunctional isocyanate com-
pound which can give a low cross-linking density is
exemplified by diphenylmethane-4,4'-diisocyanate, xy-
lylene diisocyanates, polymethylenepolyphenylisocya-
- nates, 3,3'-dimethyldiphenylmethane-4,4'-diisocyanate,
2,4'-tolylenediisocyanate dimer and m-phenylenediiso-
cynate. Also, the latter polyfunctional disocyanate com-
pound which can give a high cross-linking density is
exemplified by tolylene diisocyanates.

In the present invention, diols such as polyoxypropyl-
ene glycol, polyoxypropylene-polyoxyethylene glycol
and triols such as polyoxyalkylene glycols of trimethyl-
olpropane, glycerol and hexanetriol may be added to
the reaction mixture in order to control the viscosity
(fluidity) of the reaction mixture. In this case, the
amount of the diols or triols used should be 15% by
weight or less for the diols and 30% by weight for the
triols based on the total weight of the whole polyol
components. If the amount used exceeds these values,
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there is a danger that dimensional stability at low tem.-
peratures becomes poor. :

The following examples illustrate the present inven-
tion in more detail referring to the following compara-
tive examples and the following referential examples.
However, the present invention is not limited to these
examples. For example, the kinds and amount used of
the polyol component, the polyfunctional isocyanate
component, the catalyst, the foam stabilizer, the foam-
Ing agent and the other additives can be freely varied.
Also, the method for preparing the starting liquid for
the foam and foaming conditions such as a wall temper-
ature (interface temperature) can be freely changed. In
the examples, comparative examples and referential
examples, all parts and % are expressed by weight un-
less otherwise indicated.

- Comparative Examples 1 - 8§

As a polyol component, 65 parts of a sucrose poly-
ether of an OH number of 523 obtained by the addition
reaction of polyoxypropylene oxide to sugar, 35 parts of
a polyfunctional polyol (A) of an OH number of 490
obtained by the addition reaction of polyoxypropylene
oxide to the starters of polyether as shown in Table 1,
and 7 parts of dipropylene glycol were used. As a poly-
functional isocyanate component, a crude tolylene di-
isocyanate (NCO content 39 to 40%) was used. A
blending ratio of the polyol component to the polyfunc-
tional isocyanate component was NCO/OH = 1.05.
Also, 3 parts of a 33% dipropylene glycol solution of
triethylenediamine as a catalyst, 2 parts of a polysilox-
ane-polyoxyalkylene glycol block copolymer (viscosity

- 700 centistokes at 25° C, specific gravity 1.048, freezing

- point below —5° C) as a foam stabilizer, and the
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amounts as shown in Table 1 of a combination of a
lower fluorochlorinated hydrocarbon (trichlorofiuoro-
methane, Freon R-11) and water as a foaming agent
were used.

These components were mixed and then foamed at a
wall temperature of 45° C. In this case, cream time was
8 to 10 seconds and tack-free time was 60 to 70 seconds.
Foaming was carried out by using a free rise aluminum
box (inner dimension 250 mm X 250 mm X 250 mm)
having a thickness of 10 mm. The wall tempeature (in-
terface temperature) means the temperature of the wall
of said aluminum box on foaming. When the box is
made of a material having a high thermal conductivity
such as aluminum, the wall temperature has a great
influence on the quality of the resulting foam. If the wall
temperature 1s too low, a foam of a good quality cannot
be obtained. -

EXAMPLES 1 -

As a polyol component, 65 parts of a sucrose poly-
ether of an OH number of 523 obtained by the addition
reaction of 1 mole of polyoxypropylene oxide to 1 mole
of sugar, 35 parts of a polyether of an OH number of 480
to 510 obtained by the addition reaction of 3 to 4 moles
of polyoxypropylene oxide to 1 mole of triethanol-
amine, and 7 parts of dipropylene glycol were used. As
a polyfunctional isocyanate component, a crude tolyl-
ene diisocyanate (NCO content 39 to 40%) was used. A
blending ratio of the polyol component to the polyfunc-
tional isocyanate component was NCO/OH = 1.05.
Also, 3 parts of a 33% dipropylene glycol solution of
triethylenediamine as a catalyst, 2 parts of a polysilox-
ane-polyoxyalkylene glycol block copolymer of said
formula wherein R, is CH; (viscosity 700 centistokes,
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specific gravity 1,048, freezing point below —5° C) as a

foam stabilizer, and the amounts as shown in Table 1 of

- a combination of a lower fluorochlorinated hydrocar-
bon (trichlorofluoromethane, Freon R-11) and water as
a foaming agent were used. These components were
mixed and then foamed at a wall temperature of 45° C.
In this case, cream time was 8 to 10 seconds and tack-
free time was 60 to 70 seconds.

J

6
shown in the following examples and referential exam-
ples. -

Examples 13 - 17 and Referential Examples 3 -4

Rigid polyurethane foams were produced in the same
manner as in the previous examples except that a su-
crose polyether having an OH number of 510 (referred
to as “S” in Table 3) and polyoxypropylene, glycol. of

Table 1
- Amount - Dimensional*
of foaming agent stability at
Starter of - Freon R-11 Water Densntsy low tempera-  Friability**
Sample polyether (parts) (parts) (g/cm”) tures (%) (%)
Comparative |
Example 1 Glycerol - 30 1.5 00232 . . -8 14
Example2 = " 4 1.5 0.0213 —21 23
~Example 3  Trimethylol- 30 1.5 0.0234 —12 16
| propane | | |
Example 4 i - 34 1.5 - 0.0210 —28 28
Example 5 Propylene 30 1.5 0.0230 —15 22
| - glycol
Example6 " .. . 34 1.5 0.0212 —38 32
Example 7 Ethylene 30 1.5 0.0230 -8 14
diamine
Example 8 ! 34 1.5 0.0210 —26 19
Example 1 — 30 1.5 0.0234 —0.5 14
Example 2 — 34 1.5 0.0213 —0.5 15

*Dimensional stability at low temperatures is volume change after standing at —20° C for 48 hours.

**According to ASTM-C 421-61.

Table 1 shows that an improvement in dimensional
stability at low temperatures and a decrease in friability
can be accomphshed in Examples 1 and 2 using a novel
polyol component consisting of a sucrose polyether and
a polyoxyalkylene glycol of trihydroxyalkylamine.

-The effective OH number of the polyol component
was ‘examined. The results obtained are shown in the

follewmg Referentlal Examples 1 -2 and Examples 3 -
12 | | .

Referentlal Examples 1 -2 Examples 3 - 12

ngtd polyurethane foams were produced in the same
manner as in the previous examples except that a combi-
nation of 65 parts of sucrose polyethers each having the
OH values as shown in Table 2 (referred to as “S” in
Table 2) and 35 parts of polyoxypropylene glycol of
triethanolamine (referred to as “I”’ in Table 2) was used
as ‘the polyol component. The results obtained are
shown in Table 2. | |
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triethanolamine having an OH ntnhber of 490 (referred
to as “T” in Table 3) were used as the polyol COmpo-
nent. The results obtained are shown n Table 3 -

Table 3
Amount
of each B o
_polyol blended Dimensiopal .~ Fria-

S T Dens1t3y stability at low bility
Sample - (parts) (parts) (g/cm-) temperatures (%) (%)
Referential o |
Example 3 70 30 0.0216 - ~1.8 42
Example 13 65 35 0.0210 - —0.8 21
Example 14 60 40 0.0215 —0.5 19
Example 15 50 50 0.0209 —0.5 17
Example 16 40 60 0.0212 -0.5 15
Example 17 35 65 0.0216 — 8 14
Referential
Example 4 30 70 0.0210 -39 14

The following examples illustrate various embodi-
ments of the present mventlon

Examples 18 - 41 .

Rigid polyurethane foams were produeed by mixing
40 parts of a sucrose polyether having an OH number of
510 and 60 parts of polyoxypropylene glycol of trietha-
nolamine having an OH number of 490 as a polyol com-
ponent, crude tolylene diisocyanate (NCO content 39 -
40%, referred to as “C-TDI” in Table 4) and crude
diphenylmethane-4,4'-diisocyanate (NCO content 30 -
32%, referred to as “C-MDI” in Table 4) as a polyfunc-

- tional isocyanate component, a foaming agent, 1 part of

Table 2
OH number

of each Dimensional Fria-

polyol Density stability at low bility 50
Sample S - T.  (g/cm® temperatures (%) (%)
Referential
Example 1 550 530 0.0218 —0.2 36
Example 3 530 490  0.0216 —0.3 28
Example 4 510 490 0.0212 —0.3 21
Example 5 490 450 0.0210 —0.8 21
Example 6 450 490 0.0210 —6.8 20 55
Example 7 430 490 0.0210 —12.0 20
Example 8 400 490 0.0211 —22.2 18
Example 9 510 548  0.0209 —0.8 24
Example 10 510 530 0.0210 —0.8 21
Example 11 510 460 0.0210 —11 19
Example 12 430 440 0.0212 - 30 18
Referential 60
Example 2 330 440 00210 —55 18

Table 2 shows that a preferable OH number is 420 to
530 for any polyol. However, friability was slightly
high. As a result of various studies, it has been found
that this defect can be obviated by using a blending ratio
of 35 to 65 parts of a sucrose polyether to 65 to 35 parts
of a polyoxyalkylene glycol of trihydroxyalkylamine as

65

triethylenediamine (as a 33% dipropylene glycol solu-
tion) and 2 parts of dibutyl tin dilaurate as catalysts, and
2 parts of the foam stabilizer as used in the previous
examples and then foaming the mixture. In this case, 35
parts of Freon R-11 (CCIl;F) and the amounts as shown
in Table 4 of water were used as the foammg agent.

Also, the interface temperature on foaming is as shown
in Table 4. The properties of the foams thus obtained
are shown in Table 5. -
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ing a polyol with a polyfunctional organic isocyanate,
Table 4 : ) : :
. - said polyol having a mixture having an OH number of
Polyfunctional Interface 420 10 5 hich . 3 65 . ¢
isocyanate (%) Water  temperature 20 to .30 which comprises 35 to' parts by welght_o
Sample C-TDI C-MDI  (parts) ¢ Q) a reaction product of sucrose with an alkylene oxide
Example 18 100 — 0 45 — 50 5 and 65 to 35 parts by weight of a reaction product of a
Example 19 100 — 1 " trihydroxyalkylamine with an alkylene oxide, and said
Example 20 100 — 2 N iyt bei £ f hosph taini
Example 21 100 _ 55 " mixture being free from a phosphorus-containing
Example 22 100 — 0 30 - 35 polyol, in the presence of at least two foaming agents
E::‘g"}e_ 23 100 ~ 1 ' consisting of at least one fluorochlorinated hydrocar-
ple 24 100 — 2 )
Example 25 100 _ 2.5 r 10 bon having 1 to 2 carbon atoms and 0.2 to 2 parts by
Exampie 2¢ — 100 0 45 - 50 weight of water per 100 parts by weight of said polyol
Examgle 28 _ 100 5 7 to form a rigid polyurethane foam having a density of
Examn?}egg — }gg %5. " " < 0.025 gm/cm? or less.
E:znmlglz 31 _ 100 i et 2. A process according to claim 1, wherein the mix-
Example 32 —_— 100 2 15 ture of said polyol comprises 40 parts by weight of the
Eixg}z gi 50 lgg - 45 _ 50 reaction product of sucrose with the alkylene oxide and
Example 35 ; 4 1 ' 60 parts by weight of the reaction product of the trihy-
E::Eg}: gf} ’ ) % c "’ droxyalkylamine with the alkylene oxide.
Example 38 4 z 0 10 — 35 3. A process according to claim 1, wherein said reac-
gxﬂmp}ﬂ ig % 20 tion product of the trihydroxyalkylamine with the al-
Eiﬂ&: a1 " " 55 " kylene oxide is represented by the formula
ROR.O-)pr—H
Table 5 5 N
| Dimensional 25 HL€O . R; OR_N\
stability at RO-R . O9—H
Densitsy low tempera- Friability ' ¢
Sample (g/cm”) tures (%) (%)
| Examp%c %g g.g%;fg g 13 wherein R is an alkylene group and a, b and c each are
xample : 14 :
Example 20 00210 o 16 10 a number of 1 to 3 and.a + b + cis 3 to S. N |
Example 21 0.0190 —0.8 18 4. A process according to claim 1, wherein at least
Example 22 0.0272 0 18 two polyfunctional organic isocyanates consisting of 30
Example 23 0.0251 0 22 70% b ioht of at 1¢ ) | .
Example 24 0.0208 0 28 to 70% by weight of at least one crude or purified poly-
Examp}e %g g,gég; —1.0 32 functional isocyanate selected from the group consist-
Example 27 00743 0 1t " ing of diphenylmethane-4,4'-diisocyanate, a xylylene
Example 28 0.0206 ~4.8 15 diisocyanate and a polymethylenepolyphenylisocyanate
giﬂglg 2 o188 —36 16 and 70 to 30% by weight of a crude or purified tolylene
Example 31 0.0246 0 15 diisocyanate are used as said polyfunctional organic
Example 32 0.0203 -2 15 isocyanate_'
Example 33 0.0187 —10.2 16 . . .
Example 34 0.0270 0 13 5. A process according to claim 1, wherein 0.26 to 1.3
Examp}e gg g.gzso 0 14 40 parts by weight of at least triethylenediamine per 100
Example 37 T my: je parts by weight of said reaction product of the trihy-
Example 38 0.0271 0 15 droxyalkylamine with the alkylene oxide is used as a
Example 40 0.0204 —2.0 17 ' .. . .
Example 41 0.0189 2.8 17 45 6. A process according to claim 1, wherein an or-

Examples 42 - 47

Rigid polyurethane foams were produced in the same

ganosilicon block copolymer represented by the for-
mula

‘ _ R R R R
manner as in Example 36 except that the amounts as 50 l_I | I_l _I_:
shown in Table 6 of a 33% dipropylene glycol solution Ri_sl' - O ?1 -0 Sll - O "’i“ - O=R,
of triethylenediamine or a dibutyl tin compound alone R, Z R, R,
were used as a catalyst. The results obtained are shown " "
in Table 6.

Table 6
Dimensional
Catalyst (parts) stability
33% Solution of Dibutyl at low |
tricthylenediamine in tin Densit}y temperatures  Friability
Sample dipropylene glycol @ compound (g/cm”) (%) (%)

Example 42 1.0 — 0.0192 —2.0 18
Example 43 1.5 — 0.0193 —24 17
Example 44 2.0 — 0.0195 —2.6 17
Example 45 — 0.1 0.0195 —2.6 17
Example 46 . — 0.2 0.0197 —2.9 16
Example 47 — 0.3 0.0198 —3.1 16

What is claimed is:

1. A process for producing a rigid polyurethane foam
according to one-shot method which comprises react-

wherein Z is (CHz) (OC:Hy)OR: or (CH:):
(OC2Hs): (OCsHs)y ORz, Ry is methyl or ethyl, m/n is
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O2toland m + nis 171t028,7/is 1 to 4, gis 15 to 60, per 100 parts by weight of said reaction product of the

xX/y _is 1to9 and x + yis 15 to 60, and R; is an alkyl trihydroxyalkylamine with the alkylene oxide is used as
having 1 to 4 carbon atoms, and having a mean molecu-  a catalyst.

lar weight of 10,000 to 20,000 is used :
stabilize%. ed as a foam s 8. A process according to claim 1, wherein said

7. A process according to claim 1, wherein 0.08 to 0.8  PO1Y0l has an OH number of 480 to 510.
part by weight of at least one organometal compound X kX kX
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